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INVESTIGATIONS OF THE SURFACE LAYER OF LIQUID SYSTEMS

VIl SURFACE DEMIXING AND VOLUME PROPERTIES OF SOLUTIONS OF RINARY SYSTEMS

B. Ya. Teitelbaum and O, A, Osipov

Surface demixing fn binary liquid systems [1) is due, in the final analysis, to the same factors As volume de-
mixing. There have been objections to this [2), which consisted of the view that demixing in the surface layer while
the solution retains its homogeneity in the bulk is thermodynamically impossible,

We will show that in binary systems, under definite conditions, surface demixing is as inevitable thermo-
dynamically, as {s demixing in the volume of the solutions,

Let us examine & system formed by the quids A and B, of limited solubflity. In Pig, 1 the solubflity curve
is represented by a continuous line, Let the surface tension 6f the fint component be greater than that of the second,
of 0p > op.. In that case the concentration x of component B fs greater in the surface layer ﬂun N, the concentra-
tion in the volume of the »olution,
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Fig. 1. Relationship between the regions of volume and surface demixing in a
system with an upper critical point (the region of surface demixing is shaded).

a) In the fimn of the three ponible cases let us assume the activity coefficients in the surface layer and in
the volume of the solution to be equal. In this case, a point 3 in the nufsce layer will correspond to, say, a solution
given by the point ¥, at the temperature §. But at the given temperature in the system in question the existence of
8 rolution with concentration x is thermodynamically imposible, and it inevitably separates into two solutions I and
1. Thus, a heterogeneous suxface layer should correspond to a8 completely homogeneous solution. It is evident, how-
ever, that at s tempersture above the critical solubility point, for example 3, a homogeneous sizface layer of con-
cencation X' (the point 3°') corresponds to the same wlution,

b) The case when, due to pecullarities of orfeatation of the molecules, the actvity coefficients of the com-
ponents are greater in the swiace layer than in the volume of the solution, 0 that their mutual solubility in the
wtface fayer is greater (the comesponding curve in Fig, 1, b 1s shown byabroken line; the crtical solubility point
is at a lower temperature). In this case a srfsce layer composition represented by the figurative point s, which lies
outside the demixing zone in the surface layer, carresponds to the solution considered previously; hence, a homo-
geneous sface layer corresponds to this solut'»n. Onlyat a lower temperature, for example t,, Is the figurative
point s* for the swface solution found in the region of demixing,

¢) In the third pousible case the sctivity coefficients of the components in the swface layer, due to orienta-
tion peculiarities {n this case also, are greatsr than in the wlution volume, The mutual solubility of the components
in the swface layer then becomes lém, and the corresponding cusve (broken line in Fig, 1, c) lies at higher tempera-
tures. In this cass, swface demixing should taks place not cnly at the tamperaties 8, at which the Mauids have
iimiwd solubiiity, but at the tsmperatme ¢y, st which #0 dsmixing tahes place tn the volums of the solwtioa,
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Thus, surface demixing must inevitably occur in definite cases, and
o) it is the cause of certain anomalies in the variation of the surface tension
of solutions with temperature,

It is interesting to note that such anomalies, known peviowly in
aqueous solutions of sparingly solbble substances [3) and in solutions of
organic liquids with & tendency to demixing [4, 5}, were recently noted
{n a completely new field, namely in metallic melts, Thus, in the sys-
thms Ag=Pb and Ag=Di, which have & madency © demixing in the
1iquid state and which have negative heats of mixing, Metsges [6] found
a positive value of 80/8 T over & wide range of concentrations and tem-

peratures, In addidon, we can cits & new example of sxface demixing

5 2 in systerms of organic 1iquids, the sysem CgHgNOy—CgHys. *
MOL. % The system nittobenssas—n-hexane in many respects resembles
Fig. 3. Isotherms for foam stability in other systems of nitrobensens with hydrocatbons, in which we observed

_ surface demixing, There were reasons for expecting surface demixing ©
the system nitrobensene—n-hexane, occur {n this system also,

The properties of the niiobensenc wed were given in our sarlier woek (8). The hexane, after drying over
metallic sodium, distilled in the range 67.7-67.8° at 748 mm, and had density ¢’ 0.6603, The solutions of the sys-
tem form a foam on shaking, The stability of the foam, determined by the same method as for the systems pre-
viously studied, 1s shown in Pig. 2, The maximum foam stability is given by a solution containing 60 mol-% of
hexane,

The results of sixface tension measurements are shown in Fig, 3, As was to be expected, the cowrse of the
polytherms for suzface tension is quite anslogous © the courss of the polytherms in many of the systems of nitro-
bengene or aniline with hydrocasbons studied by ws, As {r the system sitrobensene—n-octane, we observe & practi-
cally unchanged value of o over a considerable range of tempuratures for solutions containing 85 and 30 mol-%
hexane, Wecxpanehpcuumuuofhbm&mdmunuuumpxmbyhmpumof
surface demixing in the system.

With the aim of correlating the ummvmdmmmﬁvmumdamvohm
properties, wuﬂndmm&dummmddﬂndthm nlmodulum
of cyclohexane In aniline, upuuuﬂnmmudr S
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Fig. 3. Polytherms for surface tansiom of selutions ta - Mg, 4, Polythermms for the dielectric constant of solu-
the syern aitzobsassns—n-hexans, tions tn the systsm nitrobenssss—a-hexans,

’mmmbbyi.c.m

' S . .

.—ﬁ_

———— i m e TE - e ot e te ™ G ®ame -

Q0




e -

00

The measurements of the dielectric constant were casried out by the resonance method 1n conjunction with
the substitution method. The instant of tuning the generators into resonance was determined with greater accuracy
by the method of beats with the aid of the 6E5 optical indicator. The measurements were made at a frequency of
500 kilocycles/sec, The fluld capacitor had an air capacity of 7580 pF. The solution being measured: was isolated
from the air {n the measuring capacitor and kept at & constant temperature to an accuracy of + 0,1° by means of &
water jacket,

The results obtained for the system nitrobenzens—n-hexane are shown in Fig, 4, These tesults show that there
{s & regulsr decreass of dielectrio constant as we pam from nitrobenssne to hexsne ~liquids which greatly differ in
their values of ¢, We alswo note the high tempezature coefficient of the dielectric constant for nitrobenzene (which
{s due to its large dipole moment), and a very low one, close to sero, for hexane, The temperature coefficient for
the solutions has iniermediate values,

The polytherms for ¢ for the solutions are smooth lines, nearly staight, and do not show eny * inflexions” ot
other anomalies. Consequently, the transformations which take place in the surface layez, and which are clearly
shown 6n the swface tension polytherms, are not found am the dielectric constant curves,.
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Fig. 5. Polytherms for the dielectric constant of certain solutions in the system
aniline—cyclohexane. The topcurve represents CoHgNH,.

As regards the measurements of the dielectric constant for the system aniline ~cyclohexane, these were made
with special care, as the sim was to verify the data already publiahed in the literature. The deserminations were
Made at-intervals of 1, and more rarely of 2. The results of the measurements age st >wn on & very large scale in
Fig. 5. Examinstion of these results shows that the dielectric constant of the solmtions shows smooth variations,
Although the value of the temperanre coefficient of the dislectric constant of the solutions varies with temperature,
it 13 not possible to find on the polytherms any of the *inflexions™ reported by Starobinets, Fishes, and Milchina, A
brokenline on the graph rejresents the line which these sathors draw tirough the *poinis of inflexion® from their re -
sults fox dielectric constant [2]. The dot-and-dash line represents the boundary of swrface demixing of the solutions
from sarface tension measurements [4]. As we see, the dielectric constant curves do not show any deviations of their
course at the corresporiding temperatures.

Comequently, from dielectric constant measurements it is not possible to report objectively any sudden changes
of the structre of the solution (1n it volume) at the tomparatures of swiace demixing,

If varisdans of structie take plsce in the solutions, they must ipevitablybe refiected iu the value of the den-
dty, which 1s a fundamentsl property. This reasaning led e to cazry out a dilatometric investigation of certain sols-
Hous in the systems previoualy studied, in the temperature rangs where imface demining i observed,

A dilatomates of abowt § ml capacity was wed, with s loug ealibeased neck 1 mym In dlameter, 'l'hqliunm
wuwhn-mumnn(ummwmuumd;o.umnun
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i uq-u level in the dilatometer neck was determined with the atd of & cathetometer, By this means, density varia-
| tions could be measwed with an accuracy of ¢ 1105, In addition to the main series of measwements, which in- ’
\ cluded a full heating and cooling cyclé, npn meanrements wers also carried out on the same solutions at variows

temperatwres (when temperatwre resdings were taken, the dilavometes was held for 18-20 minutes until all displace- O
menat of the meniscus completely ceased),

The results of detezminations on solutions of 20 mol-% cyclohexane + 80 mol-% aniline, aud 20 mol-%
methanol + 80% mesitylene are shown in Pig, 8. In both cases, the experiments] points lie well on & smooth line,
very nsarly straight, There are no 1nflexionror deviations from this 1ine, This indieatss that the eseffieient of
volums expension varies smoothly, and conssquently proves convincingly the sbeence ohncmn nufomnumtn
the volume of *he solution at any definite wmperature in the range investigated, ° -
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Fig. 8. Dilstometric curves for the solutions: 1) 20 mol-% cyclohexane + 80%
aniline; 2) 20 mol-% methanol + 80% mesitylene; @ = heating; 0 = cooling; + »
repeated heating; Ah = height of the liquid level in the dilatometer neck.

Thus, in the cases examined, surface tension messurements disclose effscts which do not extend to the whole
bulk of the solution and appertain only to the sface layer, The demixing, which is found in the surface layer from
the data of srface temion measurements, occurs in the volume of the solution, inevitably on thermodynamical
grounds, in different circumstarges=at.different temperanmes and concentrations, Both the effects, however, are due
to the same cames, Therefore, taere are no reasons for seeking any'new camsss (for example, structural wansforma-
tions in the solution) in order t0 expliin the nature of the anomalies which are cbeerved In nzface tension measure~ ¢

ments,
SUMMARY

1. An analysis is presented of the pomible relationships between the regions of volume and surface demixing
in the coordinates: tempersture-concentration. Surface demixing is shown to be thermodynamically inevitadlie,

8. The surface tension and foam sability in the system nitrobensene—n-hexane has been studied polyther-
mally. The results indicate the existence of srfacs demixing In this system,

3. Polythermal measwements of the dielectric constant have been carried out on the seme system, and alwo
on solutions of cyclohexane in aniline. Two solutions were studied dlassamtrically, 20 mol-% cyciohesane + 80%
aniline, and 20 mol-% methanol + S0% mesitylens.
3 mplyumdhvﬁummmbmﬁnuymmuu.mmmm
. 0 wirface demixing, . o
The A. E. Arbuzov Chemical Institute, Kases Btanch, Aub-yd Mmdu-u.uu.
Sciences USSR, The V. M. Molotov University, Rostev. °
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